Invasive micropapillary carcinoma, originally described as a distinctive type of invasive carcinoma in the breast, is being increasingly recognized as a separate entity in many other organs; however, it has not yet been documented in the pancreas or periampullary region. In this study, 313 pancreatic and 73 periampullary carcinomas were reviewed to investigate the micropapillary pattern in this location. Eight periampullary and eight pancreatic cases (4%) were composed at least focally (420%) of invasive micropapillary carcinoma. The patients were 10 males and six females, mean age 69 years. The mean tumor size was 3.2 cm. Lymph node metastasis was detected in 11/15 cases. The median survival was 8 months (all were resected). Invasive micropapillary carcinoma was characterized by small, closely packed micropapillary clusters (without fibrovascular cores) lying within clefts. The cells had moderate degree of nuclear atypia. In nine cases, there was abundant inflammation composed of neutrophils concentrating around the tumor cells, both intraepithelial ('cannibalism') and stromal. Molecules implicated in abnormalities of tumor cell-stroma adhesion, galectin-3 and E-cadherin were expressed in the cytoplasm of 11/11 and 9/11 cases, respectively. Reversal of cell polarity was observed by MUC 1 in all 11 cases tested, which showed labeling in the stroma-facing surfaces of the micropapillary clusters, also confirming that the clefts are not merely a processing artifact, but indeed a true biologic alteration. In conclusion, invasive micropapillary carcinoma constitutes 4% of carcinomas in the pancreatic/periampullary region and is commonly associated with abundant neutrophilic infiltrates.
Originally described in the breast, invasive micropapillary carcinoma is being increasingly recognized as a separate entity in other organs including the urinary bladder, lung, major salivary glands and ovary. [1] [2] [3] [4] [5] [6] It is characterized by small neoplastic cell clusters, surrounded by a peculiar cleft. 7 Invasive micropapillary carcinoma may manifest as a focal pattern, or may constitute the majority of a tumor. In the organs in which it is best characterized, invasive micropapillary carcinoma has been shown to have a highly infiltrative nature, often presenting at advanced stages, and showing high degrees of lymphotrophism. 8, 9 To our knowledge, invasive micropapillary carcinoma has not yet been reported in the ampullo-pancreatobiliary region. In this study, carcinomas of this region resected at the authors' institution were reviewed to identify those with micropapillary pattern, determine their relative frequency, and document their clinicopathologic features.
Materials and methods
This study was conducted in accordance with a protocol approved by the institutional review board of the Wayne State University.
In all, 313 pancreatic and 73 periampullary carcinomas that underwent resection in the authors' institution were reviewed to investigate the presence of micropapillary pattern. The extent of the micropapillary component in the primary tumor was arbitrarily classified as focal (20-50% of the tumor), predominant (450%) or diffuse (480%). Those with less than 20% were not included into the study. Also, carcinomas in which angioinvasion exhibited a micropapillary pattern were also excluded, unless the stromal component of the tumor also exhibited the characteristic micropapillary carcinoma.
Pathology material and the reports of the cases were analyzed for demographic data (age and gender), pathologic staging parameters (lymph node and tumor size), other pathologic characteristics (vascular and perineurial invasion) and clinical outcome. Follow-up information was obtained from the patient's charts, by contacting the primary physicians, or through the Surveillance and Epidemiology End Results (SEER) database. The findings were compared with those of conventional carcinomas.
Immunohistochemical stains were performed to determine the nature of the clefts that characterize the micropapillary pattern, and to verify that they are not processing artifacts. CD31, a marker of endothelial cells, was used to investigate what percentage, if any, of these spaces represented vascular spaces. The expression of E-cadherin and galectin-3, which have been implicated in the abnormalities of tumor cell host-stroma interaction, and which in turn may contribute to the detachment of cells from the stroma, were also analyzed. MUC 1, the expression pattern of which was recently found to confirm the reversal of cell polarity characteristic of micropapillary pattern was also tested. 7, 10 Immunohistochemical stains were performed using the avidin-biotin peroxidase complex method. Primary and secondary antibodies and the detection kit were purchased from commercial laboratories.
The specifics of the antibodies used are as follows: CD31 (clone JC/70A, Ventana, Tucson, AZ, USA), MUC 1 (clone Ma695, Novocastra, Newcastle, UK), E-cadherin (clone ECH-6, Ventana, Tucson, AZ, USA), and galectin-3 (Novocastra, Newcastle, UK), with the dilutions of: predilute, 1:100, predilute and 1:100 in mild CC1 or EDTA, citrate, EDTA or CC1 and citrate, respectively. Staining for CD31 and Ecadherin was run on the Ventana Automated system. The CD31, MUC 1, E-cadherin and galectin were incubated for 16 min, 2 h, 20 min and 2 h, respectively.
Tonsil tissue was used as the control for galectin-3, breast cancer tissue for MUC 1 and galectin-3, and lung cancer tissue for E-cadherin.
Tissue blocks were available from 11 out of the 16 cases for immunohistochemistry.
Ultrastructural examination was performed on tissue originally placed in 10% formaldehyde and later transferred to 2.5% glutaraldehyde. The samples were postfixed with osmium tetraoxide, processed routinely, stained with lead citrate and examined under transmission electron microscopy.
Results

The Frequency of Micropapillary Pattern
Micropapillary pattern was identifiable in ampullopancreatobiliary carcinomas, at least focally, in 4% of the cases (16/386). The frequency of invasive micropapillary carcinoma appeared to be higher in periampullary (11%) than in primary pancreatic carcinomas (3%). Tumors composed of a diffuse MP pattern (480%), however, were exceedingly uncommon: 3% of periampullary and 1% of pancreatic carcinomas (two cases each). Six periampullary and six pancreatic cases were composed at least predominantly (450%) of micropapillary carcinoma. Another two periampullary and two pancreatic cases were composed only focally (20-50%) of micropapillary carcinoma.
Of note, in the same database there was an example of metastatic urothelial carcinoma in the pancreas composed entirely of micropapillary pattern.
Clinical Findings
The 16 patients ranged in age from 41 to 80 years (mean 69 years) as opposed to the mean age of 63 in ordinary ductal carcinomas of the pancreas in the same database (P ¼ 0.06). In all, 10 patients were male and six were female (62% male) (vs 49% male in ordinary carcinomas).
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Pathologic Findings
All pancreatic micropapillary carcinomas arose from the head of the pancreas. The size of the primary tumors ranged from 1.5 to 4.5 cm (mean 3.2 cm; median 3.0 cm), and was similar to the mean and median of 3.0 cm for ordinary ductal carcinoma in the same database (P ¼ 0.698), Tables 1 and 2 . The primary tumors were generally described as ill defined, with bright yellow solid cut surfaces.
Microscopically, invasive micropapillary carcinoma were characterized by small, round to ovoid micropapillary clusters (without fibrovascular cores), which were lying within clefts (Figures 1  and 2 ). In most areas, the micropapillary units were closely packed, with much less intervening stroma than is typically seen in carcinomas of this region. The cells had a fair amount of acidophilic cytoplasm, and moderate degree of nuclear atypia. In nine cases, there was abundant inflammation composed of neutrophils, which were both intraepithelial, with focal microabscesses formation, and stromal ( Figure 3 ). Neutrophils were much less prominent in the three cases in which MP component was less abundant. The concentration of the neutrophils in and around the tumor cells, along with the lack of any specific history or pathologic evidence of prior instrumentation, indicated that the presence of neutrophils was a primary process rather than secondary to instrumentation. No foreign-body giant cell reaction, suture granulomas, chronic inflammation, granulation tissue or scarring were identified in the vicinity of the tumor. Pathologic materials were available from metastatic invasive micropapillary carcinoma to lymph nodes in two cases; the metastatic foci exhibited the same micropapillary features in both cases, including the tumor-infiltrating neutrophils. In some areas, micropapillary clusters showed giant cell-like appearance and were associated with hypercellular stroma, with an overall appearance resembling osteoclastic giant cell carcinoma (Figure 4 ).
The three cases in which focal angioinvasion exhibited a micropapillary pattern were excluded from the study. This finding was focal, constituting less than 5% of the tumor, and was predominantly noted in the submucosal vasculature of the duodenum or ampulla ( Figure 5 ).
Immunohistochemical Findings
MUC 1 immunostaining was predominantly in the stroma-facing surface of the cell clusters in all the 11 cases ( Figure 6 ). In accordance with our recent study, MUC 1 staining was present exclusively on the stroma-facing surface of the micropapillary clusters. Invasive micropapillary carcinomas of the ampullo-pancreatobiliary region S Khayyata et al E-cadherin expression was detected in nine of 11 cases. In invasive micropapillary carcinoma areas, the labeling was predominantly cytoplasmic, rather than membranous as seen in normal ductal elements or in tubular components of the carcinomas (Figure 7 ). Cytoplasmic expression of E-cadherin has been found in some studies to be associated with higher-grade tumors. 12, 13 All 11 cases stained intensely positive for Galectin-3 ( Figure 8 ). Diffuse-strong expression of galectin-3 as seen in these cases has been found in recent studies to be an indicator of tumor progression and metastasis in pancreatic carcinomas.
14 Positivity for CD31 was evident focally in the areas of micropapillary pattern in only one case out of the 11.
All the internal and external controls stained appropriately. Tables 3 and 4 .
Electron Microscopy
Ultrastructural examination of one of the cases showed the presence of a large number of microvilli at the surface of the cells facing the stroma (Figure 9 ), as observed in micropapillary tumors of other organs. 15 
Stage and Grade
In all, 11 of 15 cases (73%) in which the lymph node status was available had lymph node metastasis, similar to the 55% of the non-micropapillary cases in the same database (P ¼ 0.267). Other sites of metastasis that were recorded clinically subsequent to the resections included the liver (n ¼ 3), and the lung (n ¼ 1).
In terms of grading, as a nonglandular growth pattern, invasive micropapillary carcinoma would qualify as Grade 3 in the recently proposed grading scheme of pancreatic adenocarcinoma, 16 and the survival analysis below supports this impression.
When graded by the WHO/Kloppel system, 13 out of the 16 cases fell into the G3 category (average tumor grade score 2.71). 17 The number of cases was too small to evaluate the correlation between the proportion of micropapillary pattern and biologic behavior.
Clinical Outcome
Adequate follow-up data were available for 14 cases. Follow-up ranged from 2 to 70 months. The median survival was 8 months (mean 17 months; confidence interval 6-10 months). At last follow-up, only two patients remained alive. Although the number of cases was small, the survival of the patients appeared to be slightly worse than that of average ordinary ductal carcinoma of the pancreas in the same database (mean 20 months, median 13 months) (P ¼ 0.342). Also, this survival data correlate with the Grade 3 (poorly differentiated) category in the recently proposed grading scheme, which was found to have a median survival of 17 months (confidence interval ¼ 9-25) for Grade 1, 14 months (confidence interval ¼ 12-16) for Grade 2 and 7 months (confidence Interval ¼ 5-9) for Grade 3. This study documents that invasive micropapillary carcinoma, a distinctive tumor type originally Invasive micropapillary carcinomas of the ampullo-pancreatobiliary region S Khayyata et al described in the breast, urinary bladder, lung and salivary glands, 16 does arise in the ampullopancreatobiliary region as well. In the breast, it was reported to occur in 6% of the cases. 9 In the ampullo-pancreatobiliary region, micropapillary pattern is encountered in 4.1% of the carcinomas. It appears to be more common in the ampullary region (1%) than in the pancreas (3%). Tumors composed almost exclusively of this pattern (480% of the tumor), however, are very rare (3% in the ampulla and 1% in the pancreas). It should be kept in mind that metastatic carcinomas with micropapillary pattern also occur in this region, and the authors have encountered an example of urothelial micropapillary carcinoma metastatic to pancreas presenting like a primary carcinoma. 18 Also, angioinvasive components of otherwise ordinary adenocarcinomas may have a micropapillary appearance, which should be differentiated from invasive micropapillary carcinoma. On the other hand, the mechanisms of cell detachment from the vascular endothelium that leads to the 'micropapillary' clusters in the vessels may be very similar to that of the invasive micropapillary carcinoma, and furthermore, their biologic significance may also be similar. The expression pattern of MUC 1 supports this possibility. Both the micropapillary clusters in angioinvasive components of ordinary carcinomas as well as invasive micropapillary carcinoma itself show MUC 1 immunoexpression in the stromafacing (or endothelium-facing, in the case of angioinvasive clusters) surfaces of the cells, which is in contrast with the strictly luminal expression seen in the ordinary tubular infiltration in the stroma. This phenomenon was observed in all 11 cases in which tissue was available for staining. As documented recently, 10 MUC 1, which has an important physiologic role in the maintenance of lumina and an inhibitory role in tumor cell-stroma interaction, may be an important factor in the detachment of the cells from the stroma, and thus responsible for the micropapillary morphology as well as easier spread of the cells by dissection of the stroma.
The Clinical Presentation of Invasive Micropapillary Carcinoma in this Region is Similar to that of Pancreaticobiliary Type Adenocarcinoma
Invasive micropapillary carcinomas of the ampullopancreatobiliary region do not appear to differ significantly from the conventional (pancreatobiliary type, pancreatic ductal) adenocarcinomas, except that they may be slightly more common in males (male:female ratio ¼ 10:6; 63% in males, vs almost equal-or slightly female predominantdistribution of pancreatobiliary adenocarcinomas). The mean age is 69 years as opposed to 63 years in ordinary ductal adenocarcinomas. The propensity for lymph node metastasis characteristic of micropapillary carcinomas of other organs, on the other hand, is difficult to verify in this region, since the carcinomas in this area already show significant lymphotropism. In all, 11 of 15 (73%) cases in this study had lymph node metastasis, which is similar to the incidence of lymph node metastasis of micropapillary carcinomas in other organs, 9 and also similar to that of the conventional adenocarcinomas of this site (55%).
Invasive Micropapillary Carcinoma of this Region is a High-Grade Adenocarcinoma
It is possible that invasive micropapillary carcinoma of this region were previously categorized under the heading of 'poorly differentiated adenocarcinomas (not otherwise specified)'. Indeed, the clinical, morphologic and immunophenotypic findings in this study indicate that these tumors are high-grade carcinomas.
Although the number of cases are too small to make a definitive statement about the biologic behavior of invasive micropapillary carcinoma of ampullo-pancreatobiliary region, the median survival of the patients in this study (8 months) appears to parallel that of the Grade 3 (poorly differentiated) category in the recently proposed grading scheme, which showed 22, 14 and 8 months median survival for Grades 1, 2 and 3 categories, respectively. This is in accordance with the principles of this grading scheme, which regards nonglandular patterns (which invasive micropapillary carcinoma would qualify for) as Grade 3. 16 Immunohistochemical findings also support the high-grade nature of these carcinomas. Galectin-3 expression was diffuse and strong in all 11 cases studied. Galectins are a family of b-galactosidebinding protein that have been proposed to regulate cell growth, to mediate cell adhesion and to influence apoptosis. However, galectin-3 appears Invasive micropapillary carcinomas of the ampullo-pancreatobiliary region S Khayyata et al to be involved in cancer cell development. 19 High expression of galectin-3 has been found to be an indicator of tumor progression and metastasis in pancreatic carcinomas, although there is conflicting data in the literature regarding this issue. 19, 20 Similarly, cytoplasmic relocalization of E-cadherin, which was found to be significantly more common in poorly differentiated carcinomas of the pancreas, 12, 13, 21 was detected in nine of 11 cases in this study. E-cadherin-catenin complex is a major indicator of intercellular adhesion and epithelial integration maintenance. The abnormal structure and dysfunction of one or several molecules in E-cadherin-catenin complex correlates with tumorigenesis, poor differentiation, metastasis and aggressive behavior. One peculiar finding in invasive micropapillary carcinoma of ampullo-pancreatobiliary region noted in this study is the presence of tumor-infiltrating neutrophils. This was present in nine of 16 cases, and was prominent especially in micropapillary-predominant cases. Neutrophils were abundant and could be identified both within the carcinoma cells ('cannibalism') as well as in the stroma adjacent to the tumor cells. Focal microabscesses in the vicinity of the tumor cell clusters could also be seen. No foreignbody giant cell reaction, suture granulomas, xanthoma cells, chronic inflammation, granulation tissue or scarring were identified in the vicinity of the tumors; therefore, the neutrophilic infiltrates could not be attributed to prior instrumentation, biopsy, ulceration or perforation. Furthermore, the neutrophils showed striking tumoral-centric distribution, decreasing in numbers away from the tumor cells. It is difficult to determine the meaning of this peculiar phenomenon. In fact, it is difficult to determine whether this could be a 'chicken and egg' phenomenon, and whether neutrophils are recruited preferentially to micropapillary carcinomas, or neutrophilic infiltrates participate in the development of micropapillary pattern. Or, some unexplained factors might be responsible for both. Regardless, this phenomenon is not reported in micropapillary carcinomas of other organs, nor was it common in ordinary carcinomas of this site. We believe that this may be an interesting topic for investigation.
Conclusion
Although rare, micropapillary pattern can be encountered in the ampullo-pancreaticobiliary region and appears to be more common in the ampulla than in pancreas. Invasive micropapillary carcinoma of this region appears to be slightly more common in males. Biologically and prognostically they appear to be high-grade (Grade 3 of 3) carcinomas. The preponderance of tumor-infiltrating neutrophils in invasive micropapillary carcinoma of this region is an interesting phenomenon that warrants further analysis.
